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On June 21, 1999, the president of Brazil directed the Banco Central do Brasil to adopt multiyear inflation targets. Specifically, the central bank was asked to set explicit numerical targets for the 12-month inflation rate for the years 1999 through 2001 and to extend that target outwards annually two years in advance beginning in 2000. 5 A renewed interest in inflation measurement has accompanied the rise in the number of the world's central banks that set specific inflation targets. In this paper, we investigate whether trimmed-mean estimators can improve the central bank's ability to hit its inflation target by increasing the signal-to-noise ratio between the incoming, highfrequency, price data and the longer-term inflation trend. We show that such estimators measure aggregate retail price movements more efficiently than the more standard mean-measures at high frequencies. Indeed, we find that asymmetrically trimming 24 percent from the tails of the price-change distribution reduces the RMSE of the monthly inflation statistic as a measure of the inflation trend by 23 percent-making it as accurate as the 3-month average growth rate for the mean retail price measure. Further, we demonstrate that a 3-month lagged moving average of the optimal (asymmetrically) trimmed mean is as efficient an estimator of the 24-month centered moving-average retail price growth trend as the mean inflation rate averaged over DQ\ horizon. 6 We believe these results are important, as they suggest that trimmed-mean estimators substantially reduce the time required to identify changes in the inflation trend and thus significantly improve the central bank's chances of successfully hitting its inflation target.
Section II provides a brief description of the Brazilian retail price data. In section III, we discuss the sampling noise inherent in the calculation of aggregate price statistics and the use of trimmed mean estimators as a method for reducing that noise. In section IV, we combine the use of trimmed mean estimators with another popular noisereduction technique, time series averaging, to produce the optimal inflation-trend estimators for the Banco Central do Brazil over monthly horizons from 1 to 12 months.
We make some concluding observations in section V. range of plus-or-minus 2 percentage points around these targets. 7 In this study, we explore between 48 and 53 components of the Brazilian retail price index (sample size varies due to data availability over the full sample period, 1994 to 2000). Table 1 reports the average expenditure weight for each component and its timeseries variance. Note that food and energy represent a disproportionate share of the commodities that demonstrate above-average variance. This is a common finding and the reason these goods are excluded when calculating the central bank's "core" inflation statistic. We think excluding certain items from the retail market basket is problematic for several reasons. Clearly, once we systematically alter the market basket in such a way, we are no longer measuring a representative expenditure-weighted cost-of-living statistic. Indeed, given the underlying price-change distribution, it is probable that such an altering of the weights will systematically introduce a bias in the re-weighted price aggregate so that it will no longer track the IPCA over time. Moreover, we have altered the price statistic's weights such that the resulting aggregate price change answers a fundamentally different question than the more traditional measures were designed to
answer. And what question the modified price index answers is not always clear.
Second, there is no reason to believe that this broad exclusionary technique is justified for all commodities across all economies. For example, in the case of the Brazilian data, some food items show less-than-average volatility, such as canned foods, beverages, flour and prepared flour mixes, spices, and processed meats and fish. On the other hand, several commodities exhibit excessive volatility from month to month which will not be accounted for if only food and energy are excluded, such as communications, domestic services, rent, and public transportation. 8 The variability of the components in the IPCA are reflected in its extreme month-tomonth movements (figure 1.) Although the disinflation trend over the period is clear, fluctuations around that trend are large, often five percentage points or more above and below the centered 24-month moving-average trend growth rate. This high-frequency variation introduces a problem for an inflation-targeting central bank, as it makes it difficult for the bank to disentangle transitory movements in the price data from the inflation trend it hopes to control. In the section that follows, we discuss the use of trimmed-mean estimators as a technique for reducing some of the month-to-month variation in the aggregate price data. . We refer to these as the "α trimmed-mean estimators", for which the weighted mean (α = 0 ) and the weighted median (α = 50 ) are special cases.
In large part, these estimators are motivated by a statistical anomaly in aggregate pricechange estimation. Specifically, price-change distributions have a tendency to be exceptionally leptokurtic-that is, they have "fat tails." 10 To see what we mean, consider the distribution plotted in figure most important point to note is that the price-change distributions have unusually elongated and fat tails compared to a standard normal distribution, which we also plot on the figure for reference.
Such a price-change distribution appears to be common across a broad range of countries. In table 2 we report the distributional characteristics of retail-price data for eleven countries including Brazil. In the set of countries for which we have data, the average kurtosis is 22.5, more extreme than the average for Brazil (16.4). 6 The reason for such unusually shaped distributions is unknown, but we would note that they could easily occur by mixing together price data with widely differing variances (figure 4). A leptokurtic aggregate price-change distribution could be produced this way. 12 The presence of fat-tailed price-change distributions may have a structural economic explanation. It may be, as Ball and Mankiw (1995) suggest, that such distributions are reflections of price stickiness resulting from menu costs, where the more extreme the market pressures, the more likely a price change will result. Their model was a primary motivation for our early work on the subject. More recently, Balke and Wynne (2000) have demonstrated that these distributions can also be generated by model economies with flexible prices and sectoral technology shocks.
Regardless of the source, the statistical estimation implications are clear-when individual price-change data are drawn from fat-tailed distributions, measuring aggregate price changes using a weighted mean is unlikely to be efficient. The occasional draw from one tail of the distribution is unlikely to be balanced by an equal draw from the opposite tail, resulting in skewed samples and producing unnecessarily That is, the trimmed estimators will tend to be too small, containing a persistent negative bias. As a result, they will not directly correspond to the central bank's target, which is based on the behavior of the mean index.
14 Our strategy is to consider a generalization to the symmetric trimming procedure, in which we trim asymmetrically, thereby preserving an unbiased estimator. To do this, we begin by finding the percentile of the price-change distribution that yields average inflation equal to that of the official (mean) inflation index. We refer to this as the mean percentile, and in the case of Brazil it occurs at slightly above the 60 th percentile (see figure 5 ). Although the mean percentile of the Brazilian retail price-change distribution is variable from month to month, there appears to be little systematic movement from the 60 th percentile during the post-monetary-reform era (from June 1994 on).
Following our earlier work, we now proceed to examine the efficiency of the full set of asymmetrically trimmed means. Specifically, we compare the efficiency of the mean IPCA to each of the trimmed-mean estimators centered on the 60 th percentile of the price-change distribution. That is, we trim the tails of the price-change distribution such that 60 percent of every percentage point is trimmed off the lower tail of the distribution We investigate two candidate methods for removing this time-series noise. Both use the asymmetric trimming procedure we have already considered and involve the use of 1-to 12-month time-series averages of the data. In the first, we compute the asymmetrically trimmed means as before, and then take the time-series average. We refer to this as "post-trim" averaging. We then examine the consequences of reversing these two operations, computing time-series averages of the components and then trimming the price-change distribution. We refer to this as "pre-trim" averaging.
The results for post-trim averaging are presented in figure 7 . We report the most efficient trimmed mean for each post-trim horizon (the light bar) together with the RMSE of the time-series average of the actual monthly inflation data (the dark bar). 9 Looking at the results, we first note that the monthly asymmetric 24 percent trimmedmean of the IPCA is as efficient an estimator of the benchmark as the three-month trend in the mean IPCA. That is, by using the 24 percent trimmed mean the central bank learns about movements in the inflation trend two months earlier. This would seem to be an important saving for policymakers who hope to identify changes in the inflation trend before its influence becomes imbedded in the economy.
Continuing to look at the figure, we also note that the most efficient 3-month estimator (a 96 percent asymmetrically trimmed mean) is as efficient an estimator of the centered IPCA trend as the IPCA averaged over any horizon up to 12 months. The most efficient and the transitory nature of these shocks is unlikely to affect those expectations, their elimination from the central bank's inflation statistic seems desirable. 9 Again from a 24-month-centered-moving-average benchmark. By computing the estimators in this way, we hope to account for two different types of noise in the data-generating process. Noise that is component specific might best be addressed through pre-trim averaging of the component-price-change data. However, transitory shocks that are offset by price adjustments elsewhere in the price-change distribution (and are therefore correlated across components) might be more effectively reduced through post-trim averaging of the estimators. Table 3 reports the RMSE and the optimal asymmetric trim, centered at the 60 In general, we find that pre-trim averaging of the Brazilian component price-change data offers little net improvement in efficiency over post-trim averaging. Indeed, for all but 1-and 2-month post-trim averages, pre-trim averaging actually reduced the efficiency of the optimal estimators. This is interesting, as it suggests that transitory variations in the component-price data are negatively correlated across components.
Consider that the RMSE of the most efficient trimmed-mean estimator derived from 12-month changes in component data is 44 percent less efficient than the most efficient monthly estimator averaged over a 12-month period (2.96 percent vs. 2.06 percent).
The most efficient estimator for this data was found by asymmetrically trimming 40 percent of the PRQWKO\ price-change data, and averaging over 9-months (RMSE = 1.91), although 6 to 8-month averages of the monthly data produced similar results.
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In this paper, we have investigated ways in which the central bank can compute a reduced-noise estimator of the Brazilian IPCA, the focal point of the Banco Central do Brazil inflation targeting strategy. We demonstrate that the most efficient monthly estimator of the 24-month IPCA trend is the 24 percent asymmetrically trimmed mean (14.4 percent off the bottom tail of the distribution and 9.6 percent off the upper tail).
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This produces an efficiency gain of 23 percent over the monthly mean IPCA. In other words, we can significantly improve upon the high-frequency signal the bank uses to monitor the trend of its chosen inflation statistic.
We extended the analysis of the trimmed-mean estimators to include every combination of pre-trim averaging of the component data and post-trim averaging of the trimmedmean estimator to gauge the efficiency gains available by time-series smoothing. We find that of the two techniques, post-trim averaging of the estimators provided superior results for the Brazilian inflation data. Moreover, relatively small time-series averages of the optimal trimmed-mean estimators were better measures of the IPCA growth trend than the monthly IPCA price change over any lagged horizon up to 12 months. 
